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Abstract 
Sustainability is a key concern among the Malaysian government today. Through the overlapping of the energy and construction 
sector, one of the initiatives that the government has done after research and development is the Building Integrated Photovoltaic 
(BIPV) program. However, though more than ten years have passed after the introduction of BIPV, the implementation is still 
considered very weak as it is still not a common practice in the construction industry. One of the reasons is because many are still 
sceptical about BIPV especially among house buyers and are more concern to the prices of the houses. The other factor is 
developers are dormant in using BIPV and have limited support in BIPV information that can convince house buyers make their 
decision to invest into BIPV. This research investigates the application issues faced by the developers, their outlook on BIPV and 
considerations for selection on BIPV. A three stage Delphi interview with eight developer companies as part of a purposive 
sample is applied, where stage one focuses on the application issues that is faced by developing and stage two the depth of t he 
issues with workable solutions is proposed and validated among the developing consensus. Stage three helps mapping out crucial 
criteria of selection process that the developers will employ and other consideration towards BIPV. The preliminary results show 
that more establish developers have employed green technology, but none has considered BIPV yet with cost as a major factor in 
mind. Their process of selection is not established and individual has various interests that needed to be maintained. It can  be 
concluded that developers indeed are a substantial catalyst for implementing BIPV. This study proposes a guideline to achieve a 
stronger implementation of BIPV for a more sustainable housing project among the developers. 
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1. Introduction 
Malaysia commitment to attain sustainable development can be realized through the policies formed  from year 
2000 onwards. The policies on renewable energy (RE) in Malaysia are deployed under the 8th, 9th and 10th 
Malaysian Plan to achieve up to 5.5% renewable energy (RE) mix in Malaysia, displacing a staggering target 
amount of 985MW worth of fossil fuel energy by 2015 [1]. Malaysia has a strong capacity and potential to utilize 
Building Integrated Photovoltaic (BIPV) to generate electricity among the forms of renewable energy (RE), taking 
advantage the low ambience temperature for higher efficiency conversion and among of constant sunlight for quite 
some duration which peaks around noon [2]. Countries with h igh technology frontier like Germany and Australia 
has been adopting the solar energy and the FiT policy with various incentives and abandoning nuclear energy after 
the Fukushima accident in Japan [3]. Australia started around the same t ime as Malaysia on RE, around in 2001. 
Australia adopted the Feed-in-Tariff (FiT) policy too but it is a selectively based on states only although the program 
is considered in the Renewable Energy Target. This move is to help enhance the commercialization of mandatory 
RE and FiT in  the country because the costs of the panels are too h igh. However, the Australian government are 
keen to push on RE to reach a national mandatory RE target of 20% in  the energy supply by 2020. Germany  on the 
other hand adopts FiT based on cost avoided. It means a cost is based on the electricity displaced price. This RE is 
given grand priority access to the grid to be accepted and distributed up to 20 years depending of technology. 
Germany is one of the most successful countries to implement FiT to promote RE sources because  of the attractive 
and convincing return on investment for RE [4,3]. Japan has also adopted solar BIPV through their New Energy and 
Industrial Technology Development Organization (NEDO) project. They are more to a semi-government 
organization that is in charge of policy formulation and research and design to innovate, solve problem, enhancing 
competitiveness and support the technological industry. They are the largest research and development management 
organization in  Japan. Their focus is on especially on  RE and its technology plus the usage and efficiency of it, and 
to promote by being part of initiat ive to recommend, develop and demonstrate the advancement o f the RE 
technology [5]. Even Malaysia’s neighbor, Singapore is looking into the prospect of solar energy harnessing through 
BIPV which is projected to supply 28% of the current electricity demand and reduce approximately 8% of the CO? 
released with the 30% reserve margin above peak set by their government. It  is estimated that solar can meet  the 
electricity generation up to 65% in the morning by 2050 [6]. 
In pursuit of sustainable development frontier, Malaysia has been backing the de velopment of Build ing 
Integrated Photovoltaic (BIPV) indirect ly through the governance of renewable energy by through the Sustainable 
Energy Development Authority (SEDA) of Malaysia.  There has been a study made on general public awareness for 
RE conducted by Gomesh et al. [7], which show positive Malaysian public perspective in the RE and especially an 
exceptionally h igh response for solar. The h igh response for solar shows that the public begin to have a certain level 
of knowledge for solar and its profitability value in the future that has change over time . The overwhelming 
responses are very encouraging despite many barriers that have to be tackled  [8]. Previous researches show that 
BIPV still faces plenty of challenges in Malaysia despite being in the market fo r quite a number of years. Though 
the 8th, 9th and 10th Malaysian plan  highlighted renewable energy in general, however there is no policy that 
governs BIPV implementation exclusively and could  serve as the BIPV push factor [9]. This leads to major 
stakeholders in the construction industry especially the developers’ are remains skeptical about the actual potential 
for investment in BIPV. These developers hold the capacity and liquidity in investing large scale into the BIPV 
implementation that could lead to potential parallel blooming of the BIPV market in wake of the recent the property 
bloom via the influx of foreign investment into the property market especially from China [10]. The most recent 
push for BIPV was the proposal to start a community-based solar power pro ject in the Iskandar Region Economic 
Corridor in the state of Johor instead of leaving the rooftop bare by the Iskandar Regional Development Authority 
(IRDA). Iskandar region encompassing five major d istricts with a relatively flat terra in among the other state 
terrains in  Malaysia, minimizing the concerns of nature’s shading from surrounding mountains or hills. The state of 
Johor accounts for 706,089 stock houses, second largest amount among the states to the total 4.7 million stock 
houses in Malaysia out, representing approximately 15% of the total which gives ample of rooftops for BIPV [11]. 
However, the developers are more to business-oriented investment and there are more concerns on the returns from 
their investments rather than the actual potential of the green BIPV technology [12].  Therefore the developers’ 
perspectives have to investigate in order to further understand about BIPV implementation into the housing projects. 
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This paper reports a research study on the developers’ perspective on BIPV in Iskandar Malaysia. The research is 
done with the three stages of Delphi interview on eight developers, as respondent to further understand their 
perspective on BIPV implementation into their housing projects. The findings represent the pe rspective of the 
developers as the respondent are from various major developers in Iskandar in  order to look into the barriers and 
drivers of BIPV implementation in Malaysia.  
2. Research Methodology 
There are many types of interview but for this research, the decision Delphi is the most suitable for decision making 
on social developments. In this case, the developers are the decision makers for BIPV applicat ion and 
implementation on housing projects. They are selected based from their company with ‘quasi-anonymity’ where it is 
based on their field expertise but remain anonymous  [13]. ‘Purposive sampling’ is used; where selection of the 
respondents based on purpose of this research is taken. The objective is to know the perspective of the developers on 
BIPV where the scope is in Iskandar Region, therefore the respondents recruited are currently developing the 
Iskandar residential pro jects or already developed a few under the Iskandar Regional Development Authority. The 
background information is collected through secondary resources for verificat ion purposes before the interview;  
however the respondent background information is not disclosed in this research to protect the anonymity of the 
respondent. 
 
 
Fig. 1: Research Design 
Figure 1 shows the research design of the overall research. The research start by reviewing the literature review to 
understand the research problem and research gap. Then academia consultations with lecturers and a preliminary  
interview are conducted to ensure the relevance of the issue. Then the research proceed to the second stage by using 
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Delphi three round interview to get the width and the depth of the issue among the developers.  This Delphi method 
will be based on interview where a set of semi-structured questions will be enquired  for each round of interview. 
There will be 3 rounds for questions where the first round will be in more general and broad understanding. 
Irrelevant content will be eliminated after summarizing after comparing with the literature review and common 
viewpoints will be secured for the second round of interview. The second round will delve deeper into the topic to 
clarify  certain  specific issues and address the common v iewpoints to test the significance of the data from the 
previous interview. The third round of interview will be used to validate the data to proof it is still v ital and solutions 
maybe be found at this interview plus further recommendations to solve the issues. The interview will focus on 
supporting decision making and polish on the solutions that is agreed upon [14].  The developers’ respondents are 
selected based on their availability for interview and the aim of this research. The data is then analysed using 
Thematic Analysis where common theme and important views are highlighted in the research dat a. A conclusion is 
then drawn with recommendation and furthers studies.   
3. Results and discussion 
All participant of the interview are involved with the construction industry in Malaysia at present. There are eight 
responding developers companies subjected to the availability of each part icipant by the company for the interview. 
This Delphi interview was conducted from July to October 2014, with intervals of at least two weeks from every  
round of interview. However, one of the eight responding developers companies withdrew after Round 1 because 
the participant felt that the company that the participant is representing has inadequate knowledge in the topic of 
BIPV due to being too newly incorporated in  the industry. BIPV Implementation Framework is essential to 
encompass the whole situation in order to successful implement BIPV. Figure 2 maps out the entire framework from 
enablers to barriers to drivers for BIPV implementation in Iskandar region. The enablers are essential as the first step 
for BIPV to be implemented. Then, the barriers are the limitations that the developers’ face in the implementation 
after the enablers and the drivers are the solution proposed by the developers to help overcome the barriers and boost 
BIPV implementation in  Iskandar. These three themes are interconnected and are used in o rder to  achieve objective 
one which is to investigate the BIPV application issues in Malaysia among developers. From the previous study, 
there two enablers that is consistent with the developers’ opinions, which are the awareness and knowledge. These 
two enablers are interrelated and awareness must precede knowledge. These two are the core of the BIPV 
implementation. The developers also address some consistent barriers such as the subsidized electricity and fina ncial 
limitation which has been raised by previous researchers. These consistencies show the criticality of the issues that 
has been protracted over a long period of time. Moreover, the developers have proposed some consistent solution 
like the financial benefits, comprehensive loan and policy that could drive the BIPV implementation forward. 
However, there is some dissimilarity in the researchers with the developers on the technology standpoint. The 
researchers show strong support for BIPV on the cost saving in the maintenance part where as the developers are 
still skeptical about BIPV reliability and the additional burden of long term maintenance. This contrast may arise 
some problems in future where the developers will be hesitant to implement BIPV notwit hstanding with the benefits 
it can generate.  
3.1. BIPV Implementation (Developers) 
There are also some new enablers, barriers and also drivers for BIPV implementation that the developers 
mentioned and have not been address by the previous researches. The enablers are like the internal and the external 
factors which the developers think it  is important factors for consideration, however not crucial totally govern the 
BIPV implementation. Besides that, the adoption readiness, lacking of p romotion, incentive and e xpert ise limitations 
are the barriers that hinders the developers from implement ing BIPV full scale on the projects. Though facing many 
barriers, the developers have proposed some drivers that can help to overcome some of the existing and new barriers 
such. Incentives and promotion are some of the drivers that can help implement BIPV in the developers’ housing 
project. Furthermore, these incentives and promotion complements each other and mutually beneficial towards the 
developers. Incentives like accreditation and promotion like the eco-house price reduction and exclusivity are very  
dynamic drivers towards both the developers and house buyers. 
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Fig. 2: BIPV Implementation Framework 
These drivers effect will be very visible when implementing BIPV pro jects. Not only will it encompass 
market ing from the developers towards the house buyers but also reduction in the principal amount for loan needed 
by the house buyers. This will help create as sustainable environment in the shortest time possible, hence there is  a 
need to look deeper into the developers’ requirement for implementation of BIPV into their housing projects and 
how the barriers and drivers affect the criteria of selection. 
3.2. BIPV Selection Criteria 
Criteria of a selection must be first set before an actually selection can take p lace. Th is will benchmark the selection 
whether it fulfill its criteria or not. This is to determine the effectiveness of the particular selection. In this case, the 
developers have not done before any housing project with full BIPV implementation. However, the developers were 
able to give their v iewpoint because the criteria of selection in the construction industry are relatively similar. There 
are six criteria that the developer would weigh before making their decision on inves ting whether to select BIPV or 
not. These criteria are a flow as shown in Figure 3 with each criteria succeeding the next.  
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Fig. 3: BIPV criteria selection flowchart  
 
The flow for BIPV selection starts with the first criteria which is ‘Feasibility Study’. There are many factors to the 
viability under this criteria such as locality and future surrounding development, hence, is used to justify for the 
viability of BIPV to be implemented into the housing projects. The next criteria  succeeding is the ‘Architecture 
Design’. This criteria is where the conceptual of the BIPV pro ject takes shape on the drawing board. The design 
must be first known takes precedence before other criteria can take place. The following criteria will be ‘Project  
Cost’. This criteria will gauge the actual feasibility economically of the whole project  and its suitability in  the 
present economic scene of Malaysia. The cost will govern the quality and duration to build the houses with BIPV. 
Then, the house price will be determined as the next criteria. The house price will give an overview of the housing 
project’s profit and the return on investment for the BIPV that is suitable for the houses. Determining the house 
price will also even give a suitable target of the market segment that the house should penetration into. Once all is 
done, the developers will tender the BIPV housing project either in tender specifications or by nomination of 
subcontractor. This will gauge the capability of the main contractor on build ing the project and the expertise of the 
subcontractors. Lastly is the maintenance. Maintenance is one of the considerations to determine the life cycle of 
BIPV. Maintenance does not only encompass repairs but also cleaning. All the criteria provided by th e developers’ 
only gauge the requirements needed for the developers, however the actual process of selection have to be looked 
into to identify whether there is further any other factors that can be affecting the BIPV implementation. 
3.3. BIPV Selection Process 
The BIPV selection process is almost the same with the flow of criteria because the criteria are the prerequisites 
required before the pro ject is proceed to the next  stage. Figure 4 shows the BIPV selection process as adopted from 
other green technology selection process and adapted to accommodate BIPV prerequisites. The BIPV selection by 
the developers however focuses on a few aspects such as profit, maintenance, license and bank. Most developers 
prefers profit  first rather than to suit the needs of the community except of respondent D where its company’s vision 
is focus on green cities and technology, in which  requires a more community -orientation first only profit rather than 
the vice-versa. However, there has been a shift of profit oriented companies in to community orientation due to the 
competition in order to meet the house buyers’ needs and requirements. This is because to remain competit ive in  the 
housing market, more of the developers are trying to capture the hearts and minds of the community. The shift has 
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been seen as a positive outcome for the developers as they focus to build more community friendly housing projects 
with green technologies which include BIPV as one of their considerations for implementation.  
 The other aspect is maintenance for BIPV in  which the developers are still skeptical about the reliability of 
the BIPV technology. However, the consideration is included in the feasibility studies because it is a consideration 
which includes more of a life -cycle costing rather than the process of selection. Maintenance also covers also of sub-
aspects like warranty and defects, long-term maintenance and cleaning maintenance. The warranty and defects is a 
grey area for the developers as the developers have different defect liability period which is not standardized. This is 
because the mind-set of the developers in build ing it fast and necessary. There are costs involved in this stage where 
it will increase the overall cost hence decreasing profit. Therefore BIPV must be calculated using the lifecycle cost 
instead to get a broader picture of the benefits from the implementation in the houses.  
 One of aspect in process of selection is the licensing. If the government were to create a policy and drive 
BIPV implementation, licensing should not be a problem as the government is heading initiative. However, there is 
still a  need to go BIPV application as part of the process to obtain the FiT rates for the selling of solar electricity. 
Therefore this is still important in the process of selection because when the license is not approved, the BIPV is a 
costly system to conceptualize for home use only. The developers still show concern over this matter, hence making 
it a significant aspect in the process of selection for BIPV. The last aspect is the bank. Though the bank looks 
insignificant in the project, however some smaller developers may not have the capacity to build and sustain the 
project for so long. Therefore to  help liquidity and cash flow in  the company, some will choose to loan from the 
bank, especially  when it comes to purchase of BIPV materials. This is how the bank’s involvement comes about. 
Besides that, the project may need guarantor if the developers company is building on behalf o f some other 
company. The banks again will act as a guarantor to the project. There is significant intervention from the banks to 
help assist in BIPV implementation in the developers side, notwithstanding with the comprehensive loan towards the 
client. 
 
 
Fig. 4: BIPV selection process 
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4. Conclusion 
As a whole, the developers and other stakeholders must cooperate and to be more committed in overcoming the 
barriers to create a sustainable community through BIPV applications in Malaysian housing industry. The other 
stakeholders’ cooperation is needed where the informat ion can flow free to help build up each other. This kind of 
cooperation is needed to help create knowledge in research in o rder to help improving BIPV implementation. The 
developers have shown very well of their willingness to share information with regards on their perspective on BIPV 
implementation in the housing projects. There must also be commitment by the stakeholders’ for prolonged 
informat ion sharing to enhance relationship between the stakeholders’ and ensure continual development in  the 
BIPV scope. The BIPV must be looked not only in the micro applicat ion scope but also macro application that can 
bring significance by economic to scale factor. This requires more comprehensive researches to be done and further 
development of the BIPV implementation frameworks that is up to date. The significance pro jected must be gauged 
by the future value of BIPV.   
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